Of all the environmental influences on plant growth and behavior, light is one of the most important. Plants are able to sense and to respond to light of widely varying intensity and quality. Responses to red and far-red light are mediated by the photoreceptor phytochrome, whose action results in plant processes as diverse as seed germination, inhibition of hypocotyl elongation, greening, and floral induction. Phytochrome can cycle between two distinct stable forms, Pfr (which has an absorption maximum in the far red) and Pr (which has an absorption maximum in the red). The ratio of these two forms, which is a reflection of the relative amounts of red and farred light a plant receives, determines how the plant will respond to the light environment in which it finds itself (Smith and Whitelam, 1990) .
Dekpite the complexity of phytochrome-regulated plant phenomena, plants were originally thought to contain just one type of phytochrome. In recent years, however, data have accumulated that point to the existence of multiple types of phytochrome. For one thing, physiological and spectrophotometric studies suggested that seedlings contain two types of phytochrome-a light-labile type, which is especially predominant in dark-grown (etiolated) seedlings, and a light-stable type that is present at low levels in both etiolated and green tissue. Subsequent molecular analysis has shown that the two phytochromes are distinct, although similar, molecules (Shimazaki and Pratt, 1985; Tokuhisa et ai., 1985) . Moreover, molecular studies have revealed the existence of multiple phytochrome genes: Arabidopsis, for example, contains at least five phytochrome-related sequences (Sharrock and Quail, 1989) .
The function of the multiple phytochromes is not completely understood, but analysis of photomorphogenic mutants suggests that different phytochromes mediate distinct components of the response to red and far-red light. The mutants that have been analyzed in the most detail all display a long hypocotyl phenotype: seedlings from tomatoes mutant at the aurea locus, cucumbers mufant at the Ih (long hypocotyl) locus, and Arabidopsis mutant at any of the hy (long hypocotyl) loci fail to undergo light-induced inhibition of hypocotyl elongation (see Chory, 1991, for review) . Physiological and spectrophotometric studies indicate that aurea mutants lack a lightlabile phytochrome and are defective in far-red light-mediated inhibition of hypocotyl elongation (Adamse et al., 1988a) . The lh and hy3 mutants, by contrast, appear to be deficient in a light-stable phytochrome, and both of these mutants specifically lack red light-mediated inhibition of hypocotyl elongation (Adamse et al., 198813) . These observations imply that the light-stable and light-labile phytochromes mediate different components of light-induced responses, at least in seedlings.
In this issue, Somers and coworkers (pages 1263-1274) have taken advantage of the identification of Arabidopsis phytochrome genes to investigate whether the hy3 mutant does indeed lack a light-stable phytochrome. After isolating antibodies that are highly selective for each of the phyA, phy5, and phyC phytochromes, Somers and coworkers used these antibodies to probe blotted plant extracts from both wild-type and hy3 mutant plants. In wild-type plants, phytochrome A is abundant in etiolated tissue and decreases dramatically with light treatment, a profile expected of a Iight-labile phytochrome. Phytochromes B and C, by contrast, are apparently light stable, being present at lower levels that do not change significantly with light treatment. When Somers and coworkers examined hfl mutant plants, they found that the mutants contain wild-type levels of both phytochrome A and phytochrome C but have far less phytochrome B than do wild-type plants.
1s the loss of phyB the cause of the hy3 mutant phenotype? Somers and coworkers conclude that it probably is, citing the strong phenotypic similarities between the hy3 and lh mutants together with physiological studies that indicate that Ih is deficient in a lightlabile phytochrome. Both hy3 and phyB map to the same chromosome, and an obvious possibility-which remains to be tested-is that the hy3 lesion defines the phy5 gene.
One reading of the results of Somers and coworkers is that lightstable phytochrome B is the only photoreceptor required for inhibition of hypocotyl elongation. The authors caution against this interpretation, however, pointing out that aurea tomato mutants, which lack light-labile phytochrome, have a long hypocotyl phenotype as well. The two phytochromes may, therefore, be required together for proper light regulation of hypocotyl growth.
The results of Wagner and coworkers in this issue (pages 1275-1288) provide additional evidence for the additive effects of phytochromes A and B. To explore the possible functions of phytochrome B, these investigators overexpressed phytochrome B in Arabidopsis. They found that lightgrown transgenic seedlings in which either the rice or Arabidopsis phyB gene is constitutively expressed have hypocotyls that are significantly shorter than those of wild-type seedlings. This phenotype is similar to that caused by overexpression of oat phytochrome A in tomato (Boylan and Quail, 1989) and Arabidopsis (Boylan and Quail, 1991) and rice phytochrome A in tobacco (Nagatani et al., 1991) . The overexpressed phytochrome B accumulates to high levels and is biologically active. In the case of the Arabidopsis construct, protein gel blots show that transgenic plants contain about 20 times the normal amount of phytochrome B apoprotein, at least some of which is spectrally active and undergoes light-induced conformational changes. The authors observed the short hypocotyl phenotype only in lightgrown plants, which confirms that the overexpressed phytochrome B (and, presumably, normal phytochrome 8) is a genuine phytochrome that is active only when induced by light.
The observation that overexpression of either phytochrome A or phytochrome B causes a similar short hypocotyl phenotype raises the possibility that these two phytochromes act interchangeably in seedlings, with the total amount of activated phytochromes A and B determining the extent to which hypocotyl elongation is inhibited. Alternatively, as physiological results have suggested, the two phytochromes may mediate different components of the de-etiolation response, phytochrome A mediating farred light inhibition of hypocotyl elongation and phytochrome B mediating inhibition by red light. In this context, it is interesting to note that the phytochrome-regulated cab (light-harvesting chlorophyll db-protein) genes are expressed normally in hy3 Arabidopsis mutants (Sun and Tobin, 1990) , whereas cab expression is reduced in aurea mutant tomatoes (Adamse et al., 1988a) . This difference suggests that phytochrome A and phytochrome B may indeed have distinct functions during de-etiolation.
Although mutants defective in just one of the phytochrome family members will help investigators deduce the roles of individual phytochromes, mutations that disrupt all phytochromes simultaneously should give insight into phytochrome function in general. demonstrate. These kinds of experiSevera1 groups have demonstrated ments should help clarify the roles that that the Arabidopsis hyl and hy2 different phytochrome species play in mutants (Chory et al., 1989; Parks et mediating the enormous variety of al., 1989) and hLfi mutants (Chory et light-regulated processes in plants. al., 1989) contain little or no photoreversible phytochrome. These mutants do, however, have normal levels of immunologically detectable phytochrome REFERENCES
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A apoprotein, raising the possibility that they affect the biosynthesis or availability of the phytochrome chromophore, phytochromobilin.
In the November 1991 issue of THE PLANT CELL, Parks and Quail(l991) demonstrate that severa1 different tetrapyrrole compounds, including biliverdin IXa, the presumed direct precursor to phytochromobilin, are able to restore normal photomorphogenic responses-including inhibition of hypocotyl elongation and chlorophyll production-to hyl and hy2 mutants. These mutations, therefore, most likely disrupt chromophore biosynthesis. Biliverdin has no effects on hypocotyl length of dark-grown seedlings, wild type or mutant, showing that rescue is due to the formation of photoreversible phytochrome.
The identification of the defects in some of the hy mutants, together with the isolation of the phytochrome genes and specific antibodies, have allowed Somers and coworkers, Wagner and coworkers, and Parks and Quail (1991) to confirm and extend the results of physiological experiments. In addition, their reagents will make it possible to experimentally manipulate phytochrome availability and structure in defined ways. If the hyl and hy2 mutations completely block phytochrome chromophore synthesis, for example, the leve1 of functional phytochromes could be changed at any time in development simply by altering the amount of biliverdin supplied to mutant plants. To explore functional domains of a particular form of phytochrome, transgenic plants overexpressing mutant phytochromes can be created, as Boylan and Quail (1 991 ) 
